The complementary feeding period is an important stage of child development. The study aim was to develop an index reflecting the degree of adherence to complementary feeding guidelines, evaluate its convergent validity, and explore associations with socio-demographic factors and dietary pattern scores in childhood. Data were analyzed from the Avon Longitudinal Study of Parents and Children (n = 6065) using parent-completed dietary questionnaires at 6 mo of age, sociodemographic information, and dietary patterns derived by principal component analysis at age 3 y. The Complementary Feeding Utility Index (CFUI) consists of 14 components: breastfeeding duration, feeding to appetite, timing of introduction to solids, exposure to iron-rich cereals, fruit and vegetable intake, exposure to high-fat/-salt/-sugar foods including sugary drinks, food texture, and meal/snack frequency. Regression analyses were undertaken to investigate associations between index scores, socio-demographic factors, food and nutrient intakes, and dietary pattern scores at age 3 y. Milk and food intake at 6 mo and nutrient intake at 8 mo of age varied across quintiles of index score in largely the expected directions. Associations were found among index score, maternal age, education, social class, maternal smoking history, and prepregnancy BMI. After adjustment for socio-demographic factors, the index score was associated with pattern scores at age 3 y. The CFUI is able to discriminate across food intake, nutrient intake, and socio-demographic factors and is associated with later dietary patterns. J. Nutr. 142: 901-908, 2012. 
Introduction
The complementary feeding period is a nutritionally important stage when food preferences are established (1, 2) . A life-course perspective suggests that early-life exposures, including diet, may have implications for later health (3) . Therefore, it is of interest to be able to characterize diet quality in this period. Research has tended to focus on the effect of discrete practices such as breastfeeding (4), timing of food or texture introduction (5, 6) , and single foods or nutrients (e.g., iron, sodium, cow milk) (7, 8) . However, the collective or synergistic impact of complementary feeding practices on later outcomes is unknown.
Few studies have characterized whole diet in infancy (9) . Infant diet in middle-or high-income countries has been characterized in terms of nutrient adequacy (10) , dietary diversity (11) , dietary patterns (12, 13) , and child feeding practices (14) . Dietary indices provide a measure that reflects the cumulative impact of dietary components on health and are commonly based on the degree of adherence to guidelines (15) . Ruel et al. (14) developed an index reflecting infant feeding guidelines for the developing country context. However, to the authors' knowledge, no index exists for assessing adherence to complementary feeding guidelines for the wealthy country context where chronic disease and obesity risk are important nutritional concerns.
The aim of the study was to develop a complementary feeding index that could have a broad application to wealthy country settings and to address a number of the conceptual and methodological limitations highlighted in recent reviews of diet index construction (16, 17) . To assess convergent validity, we used data from a large U.K. birth cohort to examine associations between index scores and: 1) food and nutrient intake in infancy; 2) maternal and child socio-demographic factors; and 3) dietary patterns in childhood.
Methods
Constructing an index involves selecting the index components, then choosing a mapping function to quantify unit-free index components, and finally aggregating component scores to derive a total index score (16, 17) . The Complementary Feeding Utility Index (CFUI) was developed to assess the degree of adherence to complementary feeding guidelines based on a review of current recommendations in Australia, New Zealand, North America, and the UK (1, (18) (19) (20) (21) (22) . Differences between recommendations were discussed by the authors to reach a consensus on what components to include. The 14 components selected are summarized in Table 1 .
Index components need to be transformed to be unit free, because raw variables that differ in their units (e.g., serves of vegetables, type of milk) and measurement (i.e., continuous, ordinal, or categorical) cannot be meaningfully aggregated (16, 17) . Cut points are commonly applied to quantify index components as "points." Mathematically, the use of cut points does not achieve a truly unit-free component score (23) . Furthermore, units of measurements are often assumed to have equal intervals. This may not be a valid assumption, particularly for ordinal or categorical variables (e.g., the interval between being fed on demand "always" or "sometimes" may not be the same as the interval between "sometimes" and "never"). For these reasons, CFUI component scores were mapped and quantified using probability functions. This approach uses an empirical (i.e., observed) or theoretical distribution to quantify unit-free index components and inform the size of the interval between responses (Table 1) . These distributions reflect the utility of individuals, i.e., their behavior or preferences. Eight components were quantified using empirical distributions [i.e., in this application as observed in The Avon Longitudinal Study of Parents and Children (ALSPAC), see details below]. For the remaining 6 components, the observed distributions did not reflect adherence to guidelines and therefore theoretical distributions were used (Supplemental Table 1 ). Probability functions have been used to quantify index component scores, including in the Human Development Index (24), the Health Utility Index (25), and the WHO child feeding indicators (26) .
Traditionally, a total diet index score is derived by summing or averaging its components. A limitation of these linear aggregation methods is that components are assumed to be interchangeable and uniformity across component scores is not rewarded (24, 27) . Therefore, aggregation of CFUI component scores was based on displaced ideal theory using the inverse of the normalized Euclidian distance from the ideal (27) and is calculated as:
where cs is the component score: This nonlinear approach improves the ability to discriminate between mid-range participants (15) . When linear aggregation is used, participants with index scores at the extremes are clearly separated, but in the mid-range, scores are the mix of individuals who score evenly across all components and individuals who score well on some and poorly on other components. To illustrate, an individual scoring 0.7 uniformly across 2 index components would have the same linear sum or mean as another individual scoring 1.0 and 0.4 for the same 2 index components. In contrast, using the inverse Euclidian distance, these individuals would have a mean score of 0.7 and 0.5, respectively. It is important to capture the subtleties across the midrange of index scores (15) .
A final consideration when developing an index is the weighting of the components to the total score (17) . Complementary feeding guidelines are a package of recommendations, but some components may be more likely than others to influence nutrient intakes or child outcomes. Components with a greater influence could be weighted to make a higher relative contribution to the final index score. However, the current complementary feeding evidence-base does not enable the relative contribution of components to the total score to be quantified. Therefore, the CFUI score was based on an equal weighting of index components. Possible CFUI scores range from 0 to 1, with a higher score indicating greater adherence to recommendations.
Performance of the CFUI. The index was applied to data from ALSPAC, which is a large U.K. birth cohort designed to investigate the determinants of child health and development (28) . All pregnant women residing in the county of Avon who were expected to deliver between April 1991 and December 1992 were invited to participate (Supplemental Fig. 1 ). Ethnic minorities, single parents, and unmarried couples were slightly underrepresented in ALSPAC compared with the 1991 National Census. The core ALSPAC sample consisted of 13,988 infants who were alive at 1 y, with 6065 having complete data available for the present analysis (Supplemental Fig. 1 ). ALSPAC was approved by the ALSPAC Law and Ethics Committee and the present analysis was approved by the University of South Australia Human Research Ethics Committee (P068/10).
Food and beverage intake at 6 mo of age. Food and beverage intake information was collected by caregiver-completed postal questionnaires (29) . Caregivers documented whether their child had ever had each questionnaire item and, if so, the age at which their child first had the food or beverage item. Caregivers were also asked to report their child's usual consumption of each food item in times per week "nowadays." The questionnaire listed 43 milk, food, and beverage items and also included information on breastfeeding/formula feeding history and whether foods were prepared in the home or were ready made in jars, tins, or packets. The questionnaire was designed by an experienced dietitian (P.E.) who selected food items based on foods and beverages commonly fed to infants and toddlers in the UK. Portion size information was not obtained. The questionnaire has not been directly validated; however, food records kept by parents at 4 mo in a subsample of these infants (n = 852) confirmed the consumption of these types of foods (29, 30) . Data preparation included deriving the index indicator variables, including: recoding each of meat, fish, and egg intake to 0 or $1 times/wk, which were then summed to derive protein variety; total times per day for vegetable and fruit intake; the sum of types of sugary drinks and energy-dense, nutrient-poor foods (EDNP); and total times per week of ready-made food items (Supplemental Table 1 ).
Nutrient intake at 8 mo of age. Nutrient intake information was available for a subsample of children whose caregivers attended a research clinic when infants were 8 mo of age. This subsample was recruited from the last 6 mo of ALSPAC births (1432 families attended at least one clinic between the age of 4 mo and 5 y) (28) . Prior to this visit, caregivers recorded in a structured food diary all food and drinks consumed by the infant over 3 d: 2 weekdays and 1 weekend day (self-selected and not necessarily consecutive) (31) . Portion sizes were recorded using household measures. Mothers of breast-fed infants were asked to record the duration of each feeding. At the clinic, caregivers were interviewed by a nutrition fieldworker to clarify any anomalies. Diaries were coded by the nutrition fieldworker using the computer package Microdiet (University of Salford). Portion sizes were transformed to weights using published food portion sizes appropriately scaled where necessary. A breastfeeding rate of 10 mL/min was assumed with a maximum of 100 mL. Food and nutrient intake was estimated using McCance and Widdowson's, fifth edition and supplements (32) (33) (34) with additional data obtained from food manufacturers. Quality checks were undertaken as described elsewhere (31).
Child and maternal sociodemographics. Information on maternal age, education, social class, prepregnancy weight and height, marital status, currently or previously smoked tobacco, ethnicity, and number of children (,16 y) living in the family home was collected by postal questionnaires sent between 8 and 32 wk of gestation. Maternal education was reported as the highest completed level of the following 5 categories: certificate of secondary education; vocational training; O (ordinary)-level (examinations taken at the age of 16 y); A (advanced)-level (subsequent examinations after 2 additional years of study beyond O-level); and degree or higher. Social class was categorized according to maternal occupation using standard U.K. classifications of occupation, ranging from class I (highest), II, III-non-manual, III-manual, IV, and V (lowest) (35) . Marital status was categorized as: first marriage, subsequent marriage(s), formerly married (now divorced, widowed, or separated), and never married. Tobacco smoking was categorized as: never, quit, or smoked in the last 2 mo of pregnancy. BMI (kg/m 2 ) was calculated from maternal self-report of prepregnancy weight and height. Categories for the number of children living in the family home were none, 1, 2, 3, and $4. Child characteristics including gender, gestational age at birth, birth weight, and singleton/multiple birth information was collected by ALSPAC staff at delivery, from medical records, or from birth notification (28) .
Dietary pattern scores at 3 y of age. Dietary pattern scores were derived using data collected via caregiver-completed postal FFQ when children were 3 y of age. Principal component analysis (PCA) with varimax rotation was performed using 43 food and beverage groups and is described in detail elsewhere (36) . Four dietary patterns were obtained. The first pattern was labeled "processed" and was characterized by high loadings on high-fat and/or high-sugar foods such as crisps, biscuits, burgers, chips, and fizzy drinks. The second pattern was labeled "healthy" and was characterized by high loadings on foods that are consistent with current healthy eating advice, such as vegetables, grainbased foods, water, and fruit. The third pattern was labeled "traditional" and was characterized by high loadings on meat, potatoes, and cooked vegetables. The final pattern was labeled "snacks" and was characterized by a higher intake of puddings, cakes, biscuits, crisps, and cheese, but also bread and fruit. Scores were generated for each pattern for each child. A higher score for a pattern indicates relatively greater adherence to that pattern (36) .
Statistical analysis. Index scores were derived using SPSS for Windows v17.0 (2008), with other analyses conducted using STATA (Intercooled 11.0, StataCorp). Maternal, family, and birth characteristics of children with complete data were compared, with nonrespondents using independent t tests for continuous variables and x 2 tests for categorical variables. The proportions of children achieving minimum and maximum index component scores are described using frequencies and percentages. Descriptive statistics included median values for food intake and feeding behavior, with mean values reported for energy and nutrient intake.
The ability of the CFUI to distinguish different levels of dietary intake or feeding behavior was assessed by examining trends across quintiles of index scores. The division of the index score into quintiles was treated as a continuous variable, with Q1 indicating poor overall adherence to guidelines and Q5 indicating better adherence to guidelines. Food intake and feeding behavior data were skewed and therefore trend analysis based on median regression was used for continuous data and Cuzick's nonparametric test for trend across ordered group was used for categorical data (37) . Analyses were performed using nutrient intakes adjusted for energy intake using the residual method (38) . The association between index score (outcome variable) and child characteristics and socioeconomic and maternal factors (predictor variables) was explored using univariable (data not shown) and multivariable linear regression analysis. The association between index score (predictor variable) and dietary pattern scores at age 3 y (outcome variables) was explored using multivariate linear regression analysis, with final models fully adjusted for all covariables. Regression coefficients (b) and 95% CI were used to evaluate the strength and precision of the associations. Significance was set at P , 0.05.
Results
Mothers of children with complete data were slightly older and a higher proportion had completed secondary or further education, were from higher social classes, were primiparous, and had never smoked compared with mothers of children with incomplete data (Supplemental Table 2 ). The mean age at introduction of solids was 3.1 6 0.9 mo and the mean breastfeeding duration was 4.6 6 4.5 mo.
The mean CFUI score was 0.48 6 0.10 (range 0.18-0.86, maximum possible 1.0). The total, but not component, scores Validity of a complementary feeding index 903
were normally distributed. Less than 1% of children achieved the maximum component score for timing of introduction of complementary foods, frequent exposure to vegetables, and frequent exposure to fruit. Most children achieved the maximum component score for exposure to iron-rich cereal (89%), no exposure to tea (94%), and frequency of meals and snacks (96%). Adherence to guidelines for timing of introduction of complementary foods and timing of introduction of cow milk was poor (Table 1) .
The median values of variables used to derive index component scores showed trends across quintiles of total index score in the expected direction for 10 of the 16 variables factors ( Table 2 ). The number of meals per day, age of introduction of solids, age started lumps in foods, and frequency of meat, fish, and egg intake showed limited variation across quintile of index scores. The frequency of home-prepared meat increased, whereas frequency of intake of ready-prepared varieties of meat (baby food in jars/ tins) decreased across index quintile (Supplemental Table 3 ).
Energy and iron intakes did not vary across quintile of index score ( Table 3 ). Higher CFUI scores were associated with higher energy-adjusted intakes of polyunsaturated fat, carbohydrate, total sugar (including fruit sugar), fiber, nonstarch polysaccharide (NSP), and folate. Higher index scores were also associated with lower energy-adjusted intakes of protein, calcium, and iodine. Sodium intake was 644 mg/d in Q1 compared with 603 mg/d in Q5 (P = 0.08).
The CFUI score was associated with older maternal age, higher maternal education and social class, not smoking, healthy maternal BMI, and being married ( Table 4 Table 5 ).
Discussion
The CFUI was developed to reflect adherence to complementary feeding guidelines in high-income countries such as the US and UK. In using probability-based component scoring and a nonlinear method to derive a total score, the CFUI reflects best practice in dietary index development (16, 17) . A higher CFUI score was consistent with greater adherence for the majority of recommendations included in the index. CFUI scores were associated with food and nutrient intake largely in the expected direction as well as with known maternal predictors of child diet and dietary patterns in childhood.
The CFUI provides a summary score that encompasses nutritional, developmental, and behavioral complementary feeding guidelines. It was possible to combine items with diverse measurement scales and units by utilizing probability functions to create unit-free components. Component scores were proportional as opposed to simple dichotomous cutoffs and did not assume equal intervals between response categories. Similar approaches have been used in the health literature (25, 26) . In particular, calculation of the WHO child feeding indicators is based on probability functions (26) . However, to our knowledge, the CFUI is the first example where probability-based indicators are combined as a total score.
Using variables from a large 1990s U.K. birth cohort, we were able to derive a normally distributed CFUI score. In this sample, the mean CFUI score was 0.48, reflecting poor adherence in areas such as prolonged breastfeeding duration, timing of solids introduction, fruit and vegetable exposure, protein foods variety, and exposure to sugary drinks. In contrast, ceiling effects were observed for exposure to iron-rich cereals, no exposure to tea, and meal/ snack frequency. Higher CFUI scores were associated with longer breastfeeding duration, delayed age of cow milk introduction, higher fruit and vegetable intake, and lower exposure to EDNP foods and ready-prepared baby foods. ,0.001 Ready-prepared baby foods intake, 3 times/wk 14 (7, 18) 14 (7, 19) 13 (7, 17) 11 (7, 17) 8 (3, 14) ,0.001
Exposure to sugary drinks, n 1 (1,2) 1 (1,2) 1 (1,2) 1 (0, 1) 1 (0, 1) indicating poor adherence to guidelines and Q5 scores indicating better adherence to guidelines. Categorical index-related components and the CFUI were compared using Cuzick's nonparametric test for trend across ordered groups. 3 Ready-prepared baby foods are ready-prepared commercial infant foods from jars, tins, and packets.
However, consistent with the mean age of solids introduction in the ALSPAC sample (i.e., 3.1 6 0.9 mo compared with guidelines at the time of between 4 and 6 mo), we observed little variation in the quintiles of index score in age of introduction of solids or lumps in foods. Although one could argue that components showing ceiling effects or limited variation across the range of scores could be eliminated or an alternative scoring approach employed (e.g., use of the group median so that by definition, one-half of the sample scores positively and one-half will score negatively on a component), the appeal of an index that can be used to monitor adherence for all current guidelines would be lost (15) . The median nutrient intake in each quintile of the CFUI score exceeded the U.K. reference value for 7-12 mo olds, apart from selenium and iodine (39) . CFUI scores were associated with intake in the expected direction for nutrients of particular interest for infant nutrition and chronic disease prevention (7, 8, 40, 41) . For example, scores were positively associated with polyunsaturated fat, NSP, folate, and selenium intakes as markers of a higher quality diet. CFUI scores were also inversely associated with nutrients where excessive intakes in early life may be undesirable, i.e., protein, saturated fat, and sodium intake (7, 40, 41) . Iron and zinc intakes were adequate but showed no variation across score quintile. This may be due to an overall high exposure to iron-rich cereals and consistency in exposure to meat across quintiles of index scores. Further work is needed to determine whether these limitations are a sample-specific effect or whether changes to the index are needed to improve sensitivity to variation in energy, iron, and zinc intake.
Socio-demographic characteristics such as maternal age, education, and social class are important determinants of diet quality (9) . Family factors such as larger family size, marital or employment status, and parental lifestyle behaviors also influence young children's diet quality (9) . We found that index scores did vary by a number of maternal characteristics. The strongest associations were observed for maternal age and education level, with proxies for maternal lifestyle behaviors, such as smoking history and weight status, also showing small differences in index score across categories. Previous studies in young children have found an association between diet and number of siblings (12, 36, 42) , but this was not observed for the CFUI score. This may reflect the use of dietary patterns compared with an index based on guideline adherence (15) .
Finally, we explored the association between adherence to complementary feeding guidelines at 6 mo of age and patterns of 2 n = 989 and are a subsample of children recruited from the last 6 mo of ALSPAC births for whom nutrient data were available based on 3-d food diaries (28) . The sample size per quartile varies based on the number of children from the total cohort (i.e., children with a CFUI score) for whom nutrient-intake data were also available.
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food intake, which was previously characterized using PCA at 3 y of age (36) . Index scores were positively associated with a healthy dietary pattern and were inversely associated with the processed dietary pattern. No association was observed with the traditional or snacks dietary pattern. These findings are encouraging in terms of index convergent validity, because the food loadings on healthy and processed dietary patterns are consistent with those targeted in complementary feeding recommendations and dietary guidelines in childhood more broadly.
The complementary feeding patterns described here are consistent with findings from studies of infants born since 2000. For example, only 10-25% of contemporary U.K. and U.S. infants receive breast milk at 12 mo of age (43, 44) and introduction of solids before 4 mo of age is also common (30, 44) . Descriptive studies show that it is common for infants to be fed foods such as baby cereal, fruits and vegetables, and meat at 6 mo of age (12, 43) . Furthermore, 5-36% of infants consume EDNP such as cakes, biscuits, and sugary drinks at 4-6 mo of age (43, 45) . These data suggest that CFUI is capturing nutrition behaviors that are relevant to contemporary infant nutrition research.
To our knowledge, the CFUI is only the second attempt to characterize infant diet quality based on complementary feeding guidelines. The Child Feeding Index assesses adherence to the WHO infant feeding guidelines and was designed for use in lowand middle-income countries. In 5 South American countries, index scores ranged between 5.9 and 8.9 of 12 and at 12-36 mo were associated with growth outcomes (14, 21) . The CFUI is designed for use in countries where both nutrition adequacy and nutritional excess (e.g., consideration of sugary drinks and EDNP) are important.
The present findings should be interpreted within the context of the study strengths and limitations. The ALSPAC cohort is one of the most well-characterized contemporary birth cohorts internationally and is considered broadly representative of the Avon population in the early 1990s. To examine the convergent validity of the CFUI, a complete case analysis was undertaken, resulting in a large loss of participants because information needed to construct the CFUI was not complete. This meant that, compared to the broader ALSPAC cohort, mothers in the sample analyzed were slightly older, better educated, from a higher social class, and were more likely to be first-time mothers and to have never smoked.
The dietary data collected when infants were 6 mo of age was via a postal questionnaire, which was not validated in the study population (29) . Although the questionnaire was age appropriate (i.e., asked about foods ever consumed as well as intake "nowadays" in times per week), there is the potential for recall bias. However, the associations between index scores derived using the data collected via the dietary questionnaire at 6 mo of age and nutrient intake derived from 3-d diet diaries completed when infants were 8 mo of age provide support for the validity of the index. Furthermore, the comparison of independent measures of dietary intake is a strength, but findings should be interpreted with caution given the likely rapid change in diet occurring over the 2-mo period between the 6-and 8-mo dietary intake data. Although we were able to derive total index scores using the data available in ALSPAC, we were not able to distinguish between cow milk consumed as a main drink (which is not recommended) compared with the use of small amounts of cow milk in cooking, which is considered appropriate practice at 6 mo of age. This may have influenced the performance of the cow milk component and illustrates that, although the CFUI components and scoring criteria could be applied to any dataset, some variation will arise due to the timing of data collection and the questionnaire items used to capture CFUI components. The CFUI is a summary measure that assesses adherence to complementary feeding guidelines. The CFUI shows convergent validity as a measure of infant diet quality, but additional work is required to examine its ability to predict child health and development outcomes. Refinement may also enable the number of index components to be reduced or weighted to improve the relationship among the CFUI, nutrient quality, and child outcomes. The utility-based scoring approach means that it is possible to compare CFUI scores applied to datasets that contain variables consistent with the CFUI components. The CFUI has the potential to be used as an infant diet screening tool or as a conversation starter between health professionals and caregivers of infants in their first year of life to promote optimal complementary feeding practice.
